The accumulation of body fat in obese people indicates the failure of the body's systems to ensure proper energy homeostasis by adjusting for environmental influences, behaviour, psychological factors, genetic make-up and neurohormonal status.
neurons (see Figure 2 ). 8 The melanocortin 4 receptor (MC4R) and one of its downstream effectors, brain-derived neurotrophic factor (BDNF), are pivotal in relaying information from the leptin/melanocortin pathways. signals, such as leptin and insulin. 6, 7, 9 Since its discovery, the adipose-produced hormone leptin is seen as a master regulator that stimulates the catabolic system and inhibits the anabolic system. 10 Other multiple signals participate in this regulation, including gut-derived hormonal and peptidic signals (i.e. ghrelinstimulating appetite, cholecystokinin, peptide PPY3-36 providing satiety signals, oxyntomodulin or endogenous steroids) and factors such as serotonin or epinephrine. Other substances that increase food intake are alpha2 catecholamine, opioids, the dopaminedependent reward system and endocannabinoids, which increase the motivation to eat and contribute to the rewarding system. Neurons are also sensitive to food-metabolised nutrients (glucose, lipids, amino acids) 7, 11 and inflammatory mediators via chemokines and cytokines. 12 POMC neurons are particularly responsive to glucose, promoting the release of αMSH 13 and becoming resistant to glucose in mice fed a high-fat diet. The modes of action for peripheral stimuli originating from both the gut/portal vein axis (hormones such as glucagon-like peptides, afferent vagal nervous fibres, portal glucose) and the bloodstream (variations in both nutrient and hormone concentrations, such as insulin and leptin) need to be further explored. For example, ORX seem more likely to contribute to shortterm regulation of feeding in response to signals that originate from the periphery, such as glucose. 14 The molecular perturbations and adaptations during the natural evolution of obesity in the neuronal system (i.e. neuronal resistance to input signals such as leptin in socalled leptin resistance 10 ) remain to be clearly understood in humans.
The Burden of Genetics
As emphasised by twin studies, 15 genetic factors confer biological susceptibility on the effects of the environment and individual behaviour. 16 Susceptibility may also result from intra-uterine or post-natal genetic imprinting. 17 There is a wide spectrum ranging from genetically determined obesity to behaviourally determined obesity, with most individuals containing a mix of these factors (i.e. Among the most fascinating results in this field is the discovery that BBS genes are linked to primary cilia dysfunction. 19 The role of ciliated cells in controlling central and eventually peripheral mechanisms of bodyweight regulation is still poorly understood. 16, 20 The severity of obesity in these situations is illustrated by the BMI curve of LEPR and MC4R mutation carriers (see Figure 3) . 
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Disease of the White Adipose Organ -Inflammation, Metabolic Dysfunction and Fibrosis
Depending on the genetics of an individuals, obesity reaches a plateau characterised in part by resistance to weight loss, propensity to weight re-gain and the appearance of complications. White adipose tissue (WAT) is composed of mature adipocytes, precursors (pre-adipocytes), endothelial cells, macrophages, mast cells, blood vessels, nerves and lymphatic and connective tissue. 25 The phenotype, amount and biology of each WAT component are altered profoundly in chronic obesity (see Figure 4 ). In addition to adipocyte metabolic dysfunction (i.e.
lipogenesis and lipolysis capacity), 26 cellular stress including inflammation, oxidative 27 reticulum endothelial stress 28, 29 and hypoxia 30 are part of the biological alterations that attract and retain inflammatory cells within the WAT 31 and promote adipocyte insulin resistance.
Fat cell plasticity is illustrated by the capacity of the adipocyte to expand significantly (hypertrophy) due to an increase in the amount
Current Issues of accumulation and precise role in the perturbation of WAT biology are not clear. 40 There are discrepancies between rodent and human data. Macrophages, the most extensively studied cell in WAT, are increased in proportion to the amount of body fat 31, 41 and are more abundant in visceral than subcutaneous depots. 42 Caspar-Bauguil et al. showed the modulation of T-and natural-killer-cell subtypes in animals that were subjected to a high-fat diet. 43 High-fatdiet-induced insulin resistance in rodents was associated with T-lymphocyte infiltration in the visceral depot, a phenomenon preceding macrophage recruitment. 44 Recent data suggest that mast cells are also important immune cells in WAT, as the absence of mast cells in transgenic mice leads to resistance to diet-induced weight gain and improved blood glucose tolerance. 45 The precise role of lymphocytes, NK cells and mast cells in WAT in humans needs to be elucidated.
The evaluation of transcriptomic interactions characterising the adipose tissue of weight-stable obese subjects demonstrated the strong relationship linking inflammatory processes to extracellular matrix (ECM) remodelling components. 40 For the first time, our group showed that interstitial fibrosis accumulates in obese WAT 40 as in many organs affected by low-grade inflammation in chronic diseases (i.e.
liver, lung, kidney pathologies). This observation was confirmed at the cellular level. WAT inflammation, mainly due to non-adipose cells, leads to major perturbations in pre-adipocyte biology, particularly the promotion of nuclear factor kappa-light-chain-enhancer of activated B cells (NFκB)-dependent inflammation, ECM-component synthesis (such as fibronectin and collagens), the acquisition of migratory properties, increased proliferation and diminished differentiation (see Figure 4) . [46] [47] [48] The phenotypic modification of pre-adipocytes appears to be reversible in vitro when the inflammation stimulus is suppressed
Pathophysiological Aspects of Human Obesity -What We Know in 2010 Figure 4) . Originally seen in muscle cells, 51 reduced mitochondrial oxidative capacity may also occur in white adipose cells from obese subjects. [53] [54] [55] The dynamics of WAT inflammation, metabolic alteration and ECM remodelling in the progression of human obesity remain unclear (see Figure 1 ). Increased interstitial fibrosis in WAT could impair cell-tocell contact and therefore interfere with cellular signalling mechanisms that regulate adipogenesis and metabolic functions of WAT. As such, the appearance of fibrosis in the subcutaneous adipose tissue may perturb the adipocyte adipogenic capacity and lead to dysfunction in fat storage due to reduced capacity for adipose tissue expansion. It is well-known that the inability to properly store fatty acids in adipose tissue induces ectopic fat depots such as in muscle tissue and the liver and promotes insulin resistance. 5 Accordingly, the consequence of the modulation of ECM rigidity has been illustrated by cell or mouse studies. The absence of membrane-type matrix metalloproteinase-1 (MTP1-MMP) leads to increased rigidity of ECM, diminished adipose expansion and lipodystrophy. 56 By contrast, in genetically obese mice the deletion of collagen VI, a major component of ECM, favours adipose expansion and decreased inflammation and is associated with an improved metabolic profile.
Revival of the Human Brown Adipose Tissue
Brown adipose tissue (BAT) is characterised by its biological and anatomical properties (multilocular cells with numerous mitochondria) and significant capacity for oxidising lipids and dissipating energy as heat. BAT is essential for the control of core temperature and energy expenditure in rodents and newborns (relevant references in 57). In the 1970s, studies identified BAT in perirenal adipose tissue of children. 58 Glycerokinase activity was reported to be higher in brown than adjacent WAT, suggesting its metabolic properties. suggests that BAT could be metabolically active. [60] [61] [62] [63] Obese individuals have 25% decreased activation of this tissue after cold exposure. Women appear to have more active BAT than men.
There is no doubt that these discoveries stimulate new avenues for
Current Issues Myriad adipokines (i.e. adipose secreted products) are proposed to be the guilty players 74 (see Table 1 ).
Modest weight reduction improves the metabolic and cardiovascular risks associated with human obesity and is associated with improved systemic and adipose tissue inflammation. 75, 76 Since the pioneering work showing the influence of TNF-α in promoting insulin resistance, 77 the influence of many adipokines on obesity-associated metabolic and cardiovascular complications is regularly updated. Although physical-activity-related energy expenditure is increased in obese compared with lean subjects, the habitual level of physical activity is classically lower in obese compared with lean subjects, and low physical activity levels (and increased sedentary behaviour) are associated with weight gain. On the other hand, increased bodyweight and obesity result in decreased physical activity; therefore, a complex and sometimes circular relationship occurs. 82 We are now in uncharted territory: our traditional model for eating is not relevant for modern lifestyles and the profound changes in eating habits are not conducive to appropriate nutrition. As a result of changes in clothing, heating and means of transportation, we expend less energy than in the past; there has also been a decrease in the need for manual work and efforts to obtain food. Increased television viewing is associated with greater intake of energy-dense high-fat foods. Reduced sleep duration has been associated with obesity. 83 While experts raise the point that the 'obesogenic' environment rather than the biology is the major player in obesity progression, these drivers are not mutually exclusive. 4 Much more research needs to be carried out that examines the environmental stimuli promoting weight gain and their interaction with biological systems in promoting fat storage. In an elegant study, stress appeared to promote visceral fat gain and inflammation in mice via a mechanism involving the direct action of NPY on adipose tissue. 71 Other factors such as pollutants, e.g. phthalates and organotins (produced by the plastic industry), interfere with the master regulators of adipogenesis, peroxisome proliferator-activated receptors (PPAR). Pollutants are not only endocrine disruptors acting on the receptive system, but are also considered metabolic disruptors. 84 The importance of the linoleic acid/arachidonic acid/prostacyclin pathway in adipose tissue enlargement is suggested by the intriguing relationship observed between the dramatic increase in both the linoleic and arachidonic content of ingested fats and the increasing prevalence of overweight in infants in the last few decades. 33 In the future, greater attention must be paid to the influence of micro-organisms such as bacteria (commensal bacteria in the gut composing the gut microbiota 85 ), viruses 86 or various pollutants (persistent organic pollutants able to concentrate in adipose tissue). 87 The discovery of a negative association between BAT amount and outdoor temperature raises the question of a link between global warming and the worldwide progression of obesity.
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